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(54) INTEGRATED SEMICONDUCTOR LIGHT-EMITTING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an integrated 
semiconductor light-emitting device capable of emitting 
lights with different wave lengths and forming compactly, 
by providing a plurality types of semiconductor light- 
emitting elements with different light-emitting wave 
lengths on the same substrate. 

SOLUTION: An AIGaAs based semiconductor laser LD1 
with light-emitting wave length of 700 nm band and an 
AIGalnP based semiconductor laser with light-emitting 
wave length of 600 nm band are integrated apart on the 
same n-type GaAs substrate. In the semiconductor laser 
LD1, an n-type buffer layer 11, an n-type clad layer 12, 
an activation layer 13 with a single quantum well 
structure or a multiple quantum well structure, a p-type 
clad layer 14, and a p-type gap layer 15, are laminated in 
sequence on the substrate 1. In the semiconductor laser 
LD2, an n-type buffer layer 21, an n-type clad layer 22, 
an activation layer 23 with a single quantum well 
structure or a multiple quantum well structure, a p-type 
clad layer 24, a p-type intermediate layer 25, and a p-type gap layer, are laminated in sequence 
on the substrate 1. 
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Partial Translation of Japanese Patent Laying-Open No. 11-186651 
[Problem] 

It is desired to provide an integrated-type semiconductor light 
emitting device having a compact structure, in which light beams having 
5 wavelengths different from each other can be obtained independently or 
simultaneously. 
[0006] 

Therefore, an object of the present invention is to provide an 
integrated-type semiconductor light emitting device which can emit a light 
10 beam for DVD as well as a light beam for CD and MD and make it possible 
to reduce size of an optical pickup. 
[0099] 

The integrated-type semiconductor laser device according to the 
fourth embodiment includes an AlGalnp -based semiconductor laser LD2 

15 with an emission wavelength of a 600 nm band, a ZnSe-based 

semiconductor laser LD3 with an emission wavelength of a 500 nm band, 
and a GaN-based semiconductor laser LD4 with an emission wavelength of 
a 400 nm band. Therefore, it is possible to obtain three kinds of 
wavelengths, namely a wavelength of a 600 nm band, a wavelength of 500 

20 nm band and a wavelength of a 400 nm band as laser light for DVD. In 
addition, independently of such laser light, laser light for CD and MD can 
be obtained. Mounting this integrated-type semiconductor laser device as 
a laser light source on an optical pickup of a DVD device enables 
reproduction or recording in any of DVD, CD and MD. Moreover, since 

25 these AlGaAs-based semiconductor laser LD1, AlGalnP-based 

semiconductor laser LD2, and GaN-based semiconductor laser LD4 have 
their laser structure formed of semiconductor layers grown on the same SiC 
substrate 2, this integrated-type semiconductor laser device requires only 
one package. Therefore, it is possible to reduce size of an optical pickup 

30 and thus to reduce size of a DVD device. 
[Fig. 1] 

l(n)- n-type GaAs substrate 
ll(n)- n-type GaAs buffer layer 
12(n): n-type AlGaAs cladding layer 
35 13- active layer 

14(p): p-type AlGaAs cladding layer 



15(p)- p-type GaAs cap layer 

16(n) n-type GaAs current- constricting layer 

17- p-side electrode 

2 l(n) n-type GaAs buffer layer 

22(n)* n-type AlGalnP cladding layer 

23- active layer 

24(p)' p-type AlGalnP cladding layer 
25(p)' p-type GalnP intermediate layer 
26(p)' p-type GaAs cap layer 
27(n): n-type GaAs current-constricting layer 

28- p-side electrode 

29- n-side electrode 

LDi: AlGa As- based semiconductor laser 
LD2: AlGalnP-based semiconductor laser 
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4 1, n^ZnSen"'v7rI4 2.. nlZnSSe^ 
v7rI4 3, niZnMgSSe?7^KI44, n 
SZnSSe##iSJB4 5, WiliZ n C d S efr^fc 
SSQW«itS&JiMQW«iga)JSttJI4 6, pIZn 
SSe*iiffll4.7, pfZnMgSSe^7<yb*14 
8. pSZnSSe^rty7l40, plZnSe3> 

hS 5 0,.pSZnTe/ZnSeMQWI-5 lis 
^pSZnTen>^ hfflo 2/Mi&1iJI£ftTi» 

pi Z n S S e + f y 7"H 4 9 OlS, p^Zn S 
&zj>99 hfSS 0. piZnTe/ZnSeMQWf 

5 145J:VpSZ-nTe3>^- J ? hS5 2(4— ^loitcji 

©S57>iwf4f?0x-If A 1 j 0 3 Jgtf) J:-5fc|fiH:Ji 5 3 #i§ 

t>So X K^-f y'fimvimz nTezj>99 KJI5 2 
45J:Vie»Ji5 3±tcttp«*ffi5 4^ piZnTe 
^>99 YM52 k.*—iv9Z3>9 9 h LTa§(*£ft 
Tl*3o p(H«ffi5 4hLT^ MiLliPd/P t/A 

[0 0 3 0] nIG a A s Sffi 1 ^SECd If! 1 CDH 

mm h iPitttf n mm 2 0 e> nx s „ 

[0 0 4 0] -Z AlGaAs^«ftb-ifL 
D KDpMXS 1 7. AlGalnP^«ftl/-1fL 
D 2a>p|PJSS2 8.Mt>'ZnSe^«:U-HfLD 
3 0pfl|«|g5 4 {4. 'ir'r-^-x3 0±tC5WC 

h 2**j:u c h 3±ftc*n^m4^ft»*nrif^ 0 
[0 0 4 1] ±i^CDJ:oizfS^nfcC0^2o||S6Ji5 
®t-J:smKS#«ftu-ifSSi-jbH»xt4x pflHHfii 
1 7tn|ffl*ffi2 QhCDraicm^a-rciKCiDAl 
GaAsff^VftU—lfLD l-$Gft4-*£hftt-cs % 
P««S2 8 >:nMttB2 0 £(DMlzm.ffi.&1£1rc£iz 
iOAlGal n P?£*£f*L — If LD 2 *B«rT*C 
t^t-ls p|fHmS5 4 i: nM«B2 9 kO)IB.U:«86* 
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St - h (C .t 0 Z a Sv # u-— If LD 3 ^IKK?^ 
5Cktf^S^.*-5irr ro Ti-»5. ^Lt, A 1 G a A 
s3MM»ftu— VLb l^»t^:hCJ:t)igfi7 0 
0 ninffi (n»U!i, 7 8 0 nm) 4) U— Iftti&ttbtf]'*' 
Z >: T S , A 1 0 ain p ^JSft U -If L D 2 £12 
Hbt&C fclCJ; ?> <i 0 0 nm«f .(ffliUi, 6 5 0 n 
in) ©U— if*4JR0Hii"- tfrX'z. ZnSe^ 
ffcu-lf L I> 3 '£IK*r*S l ^;- 4; 0 ;£JI5 0 0 nn« 
5 l 5nn\) Office fctftf 

5 5 J; O iZfc oT l » £ A J G m A s ^i£agfcU— If L 
D l<rf21>jf A 1 Ga [ n P ^SMfcl/— J tf LD 
2 SEIft^^ /k ZnSe U — If L D 3 

[0042] ace, ±?ai^ .* o ntz com 20 
mmmtz & % mtm*m& u - if ««©«Ht©aK:o 

["0043J.lt, 151 I 0 iZ^nirX o JC X nIGaAs 
£-t51±fC WiUiMOCVD^cj:!), 0 0 

°CHS©««iB«-e, nSGaAsA-.y77llK n 
lAlGaAs^7^KH2, fiSftJil3. pIAl 
GaAs^7 -y KB 1 4 $5 X plGaAs^t^ 7M 

[0 0 4 4] #ic. f^f CV-.D5T;iCJ:Dpl!GaAs 
^•i-yT'S 1 5 6D4ffli-:M^iiS i O-. 0^>S iNJg^t 
^-(016^^3 l*JBS£L-fe». C(0¥feH®3 l^x^y^ 
> .t 0 Bf S^S^ttV a i!f J£«M> xh7>f rjf^tc 

[0 0 4 5] Ate, Hi h:^t $6^JK3 l^ 

If 15, pSAlGaAs KH4, «S 1 

3, nSAl GaAs';7-y KAB 1 2MU c nSGaA 
s/^y7?ll l$IS»x.yf>7too 

[0 0 4 6] H i 2,:^t.J:o(:, Jfeg(S3 1* 

-T- > y i c .i: •) jiffi I n a G a A s Sf5 1 <D3tffi(C nl 
G aAs 7 7'}|2 i . nSA J Ga I nP^7>y K 
IB 2 2 . af±H 2 3 , A i (.) a I i\P9^v K« 2 

4, pIGa I nPqiBB«2 SM^pSGaAsH 

[0 0 4 7] |g«ftRI3 1 ini.y^>^^bfe 

it, piJ^-ii* C V D ate ,t 0 p fGaAs^f 77115 

?1»S(D^ 7mi:^^-->^tSo ^c, ccd 
f6i»8ISvx 7 i: L X pBAlGaAsf? y KB 1 4 
•feWplAlGa I tiP77-y Kffl2 4©fS^^IqJ0 
ii*(Dif^$^x.y^; yt^ZhiZ^Ux 01 3{C/^ 
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*J;-Mc. p!AlGaAs^7-y KJg 1 4GD±gP*>J; 
tfpfiGaAs+tvri 1 SSXhv^f 7WAklz^V 
— zz> t)l>Z s pSAlGaInP^77Kf 

2 4CD±«, pSGal nP4*M2S£J:iJ<p9Ga 
As+t-^12 6$^ b ^4 ^ttC/t 

So C£)f£. C(DieakJH*^X^> Lis CCDX b^>f 
rgCCD^PJCDS^iC, m&tti^ niGaA stS^I 
16s 27^5niGaAs|3 2 fcjURrtJUFttT 

[0 0 4 8] #tC N OH 1 4tc^<kotc. pSGaAs 
^^7115, 2 6iiMnSGaAsI3 20iffl 
tcpS^tiS i 0 2 I^Si N&Mt:<D®&m3 3 

[0 0 4 9]^:, 0 1 5C^tJ:aC 3CD<6*SJR3. 

3 ? h LT «i«R I Eft(D J: 3 & -Y zc * =f- 
yf&^x.v Yx-v^yvmz&i) nlGaAsl3 
2. piAlG.aInP^77KI24, (314123, 
nSAlGaInP^7-v KS2 2 iiWniGaAs 

[0 0 5 0] 016CmtJ:ol;, Hfciifl^Pa 
xt:**^- (MB E) 5£tCj;!K «;l«2 8 0"Cgtt 
©JSfcRaft-e, «I3 3 4vx^>:Lt, niGaA 
s^v7?I4K niZnSeA.y7rl4 2, nl 
ZnS S eA*777i43, n^Z nMgSSe^7y 
K/I4 4. nIZnSSe*8»I4 5, rSttS4 6. 
p§yZnSSe7fc#i£J!4 7, P iZnMgSSe^7 
*y KJ14 8. piZnSSe^rt^7 , |4 9. piZn 
Sezi>9V hMS Ox piZ nT e/Z nSeMQW 
a5 l&cfctfpMZnTe:^*? bB5 2£ra#y£R 

[0 0 5 1] 'Jvy77>f-iaD> piZnT 

e=J>^^ bJB5 2W^CDa^O>affl*H0K fro. p 
iZnTe^>^ 2±cm^*lfiB^iS^m* 

> (EHf^-f) ^m-tho mz^ mieizTfi-f^o 

(c, ccoi/^X h/^->$vx^i:lTpSZnSS 
e^r^-y^«4 9 (DIP £1ifo®m$<D : &£2L'V<?^v b 
ic^^>^ic:i;t)ai»y^>y-ri)C:^tc:.4:^, p52Z 
nSSe^rty7 , I4 9©iai, pIZnSe^>^^ 
bJ15 0. pIZnTe/ZnSeMQWIS 
pIZnTe3>?^ bii5 2 b ^-f 7&Vi\Z>*9 

[0 0 5 2] C0xy7->^tCJ8^fcl'^* b^ 

l/^Xb/^->S:^0±Cff$^nfeAl2 0.3 fltfc 
[0 0 5 3] at. tt»BI3 3*xy^>y»£Lr& 



ft. H 1 8 ir^-r J; o frc, mi ©^ISKffeFJhlBIWi- I 
T. \)y h*ymz£b, AlGaAsS#«Si/-»/ 
L D 1 0piJx.fi' Ti/Pt/Au HHco i 4 p (BllgfS 
17. Al Ga I nP^mitls— VLD 2 ®mz.{r V 
i/Pt/^Au«B©J:3fcpWWB2 8, ZnSeS 
ijiagfi: v -if L D 3 0m AM P d/ P t / A u J; 
o^pfffl®t§5 4 c" 
[0 0 5 4] H10t:«tJ;^l-:. pfHfltBU 
7. 2 8, 5 4CD(H0ffl5^C-tJtt^pSZnTezJ>^ 
^M5 2, pSZnTe/ZnSeMQWIS U p 
!ZnSe^>^^ bS5 0, plZnSSe^rt -y7 
J149, paZnMgSSe^7.yKB48x piZn 
SSe7t^iJSa4 7, ?SfiJI4 6. n£!Z a S S eft^? 
S14 5 N niZnMgSSe^7,>yK14 4, nSk'Z 
nSSeA.y77i4 3;niZnSeA-.y77l4 2 
.U^nIGaAsA-.y77l4 1 *:r.y^>m55^ 

[0 0 5 5] nSGaAsS1fil6D»iffltc(5!lx.(i' 
ISH^XM-y 57 V > .^ffifrj; D A u G e/N i m 

[0 0 5 6] ±i$0.J; o C tt U -if i«ig#JfcJS 

SftfcriSSG a A s£|g 1 IT ffi&MM 

aSB£«JfifcU £%lZCiib(D&m^mizP&mz}~-T 

[0 0 5 7] C(OJB2®||«»S8tcj:5*ttS**ft^ 
— 1f*«Ccfcft». «3fcifcg#7 0 0 nmJffOA 1 G a 
As?fc#«f*U— if LD 1 >$B#ifcS#6 0 0 nm^cr) 
AlGalnP^ftU- If LD 2 k«*tt*3^S 0 
0 nm§©ZnS elR**!*!"— If LD 3 >5*tSC 
ktCJ:!), DVDfflOb-lfTttLT 6 0 0 nniflfk S 
0 0 nm^k©— a^a)jSS0^0$fRDffii-Ch^-e 
S £ k h tc. eft?,©!/ -if # h ttjfcfi n C D 4d .£ 
MD»<?)b— ifjttSttpat'c: ktfT-*£> « It, c 
©*flia**ft l/-if *B4 D VD*B<D#*e y ^ ^ 
•y "71C b -if TttB k L T fS«-T i> C > t ' £ 0 . DVD. 

£ c Li)»t), cne©AlGaAs^#«ftU-ifLD 
1. AlGa.InP^*^(*l'-ifLD2^.ir>*ZnS 
eftiiMVfrl/— 1fLD3l±* H-©nSGaAsi161 
±CBW*ftfc#i»i»:J:D u-iffifii^^nx 
UoCtiaDs C ©»«S*8» ft: U - if JIB© W, 
— ^{i-o-c^tfo z.(Dtztb, H^\z^j ot -jy'oy^m 

[0 0 5 8] H2 0ttcO«Wa)iB3©||*lfiff5»{rJ:S 
j(l8IS*i»f*l/-if«B*^-ro 
[0 0 5 9] 0 2 OlZ^ioiC, C0^3 0*SteJf5SS 
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t- a mm^mt is -vnmicm *xtt, m^a c s 

^luOD^mt^S i C£fg2±M, *UttfiSP7 O O n 
ill* (Pij^lf, 7;8 Onm) WA 1 GaAs^ftb 
-+f L D 1 iu 0 0 nm* {mollis 6 5 

0 mil) 0)A1 Ga 1 QP??*JSfl;u- IfLD 2 fc, ^ 
■«adS/)*4 0 0 ii m* (W£li\ 4 10 nm) OGaN 
5R*«|ffrb-1f Li>4 St»M^«Ufctt»-elB« 

[ 0 0 fi 0 J A 1 G a A s ?:4^Sf* U— If LD 1 i3 J: 
A .1 G a I nP ? ; ^f* U — «f L D 2 it, 3§ 1 cD^fiff^ 

[0 0 6 1] GaN^ltL -+f LD4M*5l^"Ctt, 
S i C*182±tc, GaN'^7yi6 1, nSAlG 
aN^7-;K!6 2, nlGaN^ifii6 3, «*« 

1 nGaNft*64*MQWB*Ji(Z>g-ttJi6 4, pIGa 
N*»ilSJB6 5, pSAlGaN^.vK16 645Atf 
piGaN3>^^ Mi 6 7ff«i&WMStVCi*So P 
SGaN3>^^ hJI6 7±*-|±plHMB6 8 

[0 06 2] Si CKK2-CDJRjB^*n(B*ffi2 Otf, 
COS i CS-fS i h-t-vv^3>^^ h tTKi*S>*x 
Tl C<5Dn««ffi2 D h L TML WitliT i/Al 

.[0 0 6 3 ] C<0Jf £,'_.A 1 G a A sJB*»'*brr1f L 
D 1 <D piamtS 17, A 1 G a 1 ii P^4M§f£b-1f L 
D 2©p(H«g2 BtJJl^GaNS***^— 1fLD4 
0p(ajmt§6 8 (i. /i*y^->X-X3 0±lCSlHCl; 
^KZ»KL&tt»-tf»«t6*i&t-b^>^H i> H 

[0 0 6 4] ±m(D£oicmf&znt-z(Dm3(Dnmz 
mz x « * ws*a»ft u -if tsHfr-fit it*4^ p mmm 

1 7 > nfflfKS 2 9 >©01{:ia<rStc fc*c J: DAI 
G a A s ftiMlfr b -If L D 1 £«JiW 5Ci:^t"^ 
pfPJHfI2 8 tnHWB2 0 tiOH^«atft*^'CilK 
i'MlGal n P fl: U -If L D 2 SffiKrT 3 £ 
fctf-CS* p.Mttffi fi 8 hnHSg2 9 LtDHfcWStS 

C fc !•- J: 0 G a N^4^(t V -If L D 4 § 
Ch^T'^^^^iC^^Tii^, ^ It, AlGaAs 
***|*b-1f LD 1 *B»t5Ci:*:j:Dill[ft7 0 0 
nm* 7 8 0 nin) c>H — If** Hi!) £B***c 

ktfTS. AlGal iiP3??*«ftU-1fLD2ftKIS 
tZZttzXiJi&JikG 0 0 nm* (fH*U, 6 5 On 
in) rOb-^^IROai-rch/j^e?, GaNS#»(t 
1/ — »f L D 4 *B«rT o c fc .* r j »ft 4 0 0 n m* 
(fl9;Lii, 4 1 Onm) (WU-^SHtOffl-rcfctfr 
A 1 GaA sJMM»»l/—1f L 
D 1 *SEIHr*"Sa\ A 1 Ga 1 uPS^l/- IfLD 

2 SfSif;^ £ i>\ G a N^4Ug|* L -If L D 4 SHUft-f 



[0 0 6 5 ] arid, ±idi<;j.t'5!-Bijasnfcc©jH3o 

[0 0 6 6] *t\ H2 ii-^\J;oiC, Si 2 
±ic, W*riMOCV'Di/;^J:!>, GaNA"-y y y 
If 6 1, nSAl Gh.N^7'V I'M 6 2, n^GaN* 
9iftM 6 3 s imm 0 4 . p 32 G a NJcttftl 6 5 , p 
SAlGaNV-?* ii .ft.* O piG aN=> ? 

h JB 6 7 ftWitoAft ^ -U- % . c T .Ins: a tr^aSf* 

I . I n &e * & uS G a N ' ; -y "7 rf§ 6 1 . n^A 
lGaN^7-y KJ10 2 , iiH(.5 a N3tt*iftJB 6 3x P 
SG aN^Sl 6 G , pSA 1 G ai\^7 »y KB 6 6 
.ft J:^ pSGaN^> 9 >? V m « 7 (/jfiKSiBSa 10 0 

o c cga>-r^o 

[0 0 6 7] W^iiCVDffiiCi;!) pIGaN^ 

h®6 7©±DI«C«x.aS 1 02 ^S iNI^ 
ira)ieiHI3 l*«^iJEL-fe». :a.«3 1^x^f 
>^'icj:t)Wffi«i^c:liE(ys$3f^«<ox Y^A ?W^z 

[0 0 6 8] B2 2i:int.J:^:, J6»J13 14 

S6f--J; t) pSG aNr? > W l-JH 6 7,. pMA IGaN 

4, nSGaN*.«3£Hfi :J , nSA 1 GaN^7»v K 
ii 6 2 ft . t ^ n S G a N / ^ -v 7 7 ■ .B 6 lSBS;xyf> 

[0 0 6 9] ^{c, (32 3 ;C fvtJ:^i:, J6^M3 1$ 

^>^{C.4; OfctBLfcS i C .J£K 2 (b*ffl(c nSGaA 
sA>y7 7li i , nSA 1 G a A s O v KB 1 2, 
iSttJi 1 3 . pfiA 1 G a As^ .y KM 1 443 J: Vp 
aGaAs*+y rffl J 5 -l^Mft^-ti' So 
[0 0 7 0] tCStSJK 3 1 &x.y*->^|ft3eLfc 

H2 4«c^-tJ;oic, ^Jx.l:tCVDatrj;0pMG 
aAs^t'v7l I 5*5J:^pi?GaN3>*^ b^6 
7(7)^ffiicWx.!-.iS i 0 2 »i : ^S i N^^0^J»3 

3 Sff5RE L . z 0)mm 3 3 -r x -y ^ > ^{c !) 

o.. 

[0 0 7 1] 0 2 ft VZ^TXniZ, Z(D$mm3 

3*7X^tUpSGaN3>^^ h^6 7. pSG 
aN*»«M0 6. iS#:Ji6 5, nSGaN4HiiAM8 

4 , n5?A 1 G a N ? ^ -v K ffl 6 3 .ft.^t^nSG aNA" 
■y 7 r M 6 2 <rBH;>:x -y -r- m , rffi&t o o 

[0 0 7 2] m 2 6 ^-r : t o t;, $g*SJi3 3 £ 

f- > ^7 { ' .t ij jBUi L fc S i C B(fi 2 6D*ffllc nIGaA 
s^7rH2 l, r\S?A J Ga I nP^^^y KM 2 



2. rSt£«23, p§»A 1 Ga I -y 4. 

pSGa I nP4»M^2 5*J;ifpSGaAsHf7' 

Ji2 6saiRrt»*-u-*« 

[0 0 7 3] ietti(3 3«iyf->^H!£t& 

PRifCVDSHCiO pSGaAs^t^ri 1 
5, pSGaAs+t7 7l2 6i!j;u:pIGaN3> 
9 9 Y 1 6 7 ©£HtC01il J S i 0 2 ItSi NlUfc £ 
©*&&)$ (lam-frf ) £©$g&lgi£:ii.y^> 

AlGaAs?7-yKIl 4A; J tO { pSA 1 G a I nP 
^•y KB 2 4©JP££fa©&4 , ©^££T-:i:-y3 : ->?' 
-rSCfctC^tj, 02 7tC^-<fc-5fC. pSAlGaA 
s?-?<y KJf 1 4©±SIU3J;tfp5!!GaAs**-y77i 
1 \-7j7ftmi^'*9-->V-i-%t.t<blc. p 
IAlGaInPy77KI24©±g{, pSGaln 
P*HJI2 5*;J;U ; pSGaAs4r^-yrjI2 h 

tcnMGaAsS?)S$fe^® 1 6, 2 7 nMG a A 
s M 3 2 $ii#?J&g£-li-TiI«>i&ir o 
[0 0 7 4] ifctc, ffigJiaa^i^f-Vy'fiitfi; 

ei 2 8 o id, mi omtemm * nmz t 

T, 'J7 hxr^^^Jj. AlGaAs^fftl'-f 
LD l©M;l«Ti/P t/Au«f§©£d.&p|PJ^;tg 
1 7, Al Gal nP^#^f*l/-1fLD2©^^.iJT 
i / /Pt/AumiS©<t-5^p(Bmg2 8. GaN?F.# 
*<*l/— !f L D 4 V>mA.\i N i /A ugiffli -5 «e P flf 
WM6 8$ffM-f £<, 

[0 0 7 5] 12 2 9 K^-Ti -5 IC. pfiiimtl 1 

7. 2 8©H©SP^-*>'otU t p(Pjmi3i2 8 tpSGaNa 
>9V YM67 >©ra©gC^-Jc*i(t5nSGaAsji3 
2. pSAlGaInP?7'yHI24, iSttI2 3 > 
nIA lGaInP^-5-y KJI2 2Mt) ! nSGaAs. 
^•^712 i$«S*Jiy^>m£-r«c 

[0 0 7 6] MZ, S i CS«2©SBlCpdx.ii«^ 
•S-^X^ v9 U J; ij mz-l£T i/A 1JR£» 

ek-t £ c i ij n mmm 2 0 s jfM^r i. . 

[0 0 7 7] ftc ±ai©j;-5tr Lt »f«ii*« 
£*ifcS i C«R2*/^-tt»c»IPBLTPi«fiSjjiia* 

jBRfcu ^?>i-cn6©:itjsii^aic^Bn-^^>^ 

£j&6Lfe&. c©^-*»ggfC^-y7-(b1-o., £© 

[0 0 7 8] £©f??3©M&g|CJ;*mgS34^(*t' 
-tf^mcttUis *8flS$H]b«7 0 0 nm§©A 1 G a 
As^f^l^-tfLD 1 t,%ftfc&&6 0 0 nni?&© 
AlGal nP^aif*U-HfLD2i:#67c5)iS6 s 4 0 
0nm«c0GaNf^(*u-fLD4J:ftt5CJ: 



i$ft4 0 0 nin^h©-®«H©s6fi©^©*Iflij£B^C 
k A S T- § S i: > <£. £ *i 6 © U — »f re iU i tc C D 
*5 <fc IfM D ffl© 1/ -WzZm. ';(iitC.i;fr't-?5 „ - I 
Tn C©»fSS^f*U— fg!a:DVDM©^t' 
')/9T"j 7\Z V— VKW t I T JS^lf 3£ h I" .£ 0 . D 
V D, C D43 <£tf M D©^-m©S^gfc{t3B^-t)5lBb 
LA'fe. cne>©A 1 GaAs'3£4M9ftl/— 'f 
LD 1> AlGal nP^(*l/- >f LD 2*>.fcU : G 
aNS^f* b — V L D 4 (i. ISJ-© S i C S-f6 2 ±! " 

f&&£titz*mfomi<z£ ij u— y m&hWf&z nxi 

£ tic J; 0 , c©JB0IS**tt < -y T- v 

{i-^o-c-j3tfo c©fe». tc^ tr -y ^ r y 7© $ 
12 3 AST*. Lfc^^TDVD^gO/l^fb^tgS 

[0 0 7 0] 12 3 0 UC (DftWOWs 4 ©H]j6«C X Z 

[ 0 0 8 0 J 12 3 0 izmt X o <C C ©^ 4 ©SSSff« 
5 JflfgiL'^agf* U -If ^B(CJ3 1 > T {4. x !i c im 
)3fii©2§l;f4©S i Cg-t52±tC, f67c»fti?) : 6 0 0 n 
(Pl^ti. 6 5 0nm) ©A 1 Ga I nP^iff* 
U— If LD 2 ^iSS^5 0 0 nm0 5 
15nm) ©ZnSe^4i#(*lx— ifLD3i:. ^Tcift 
fti)S4 0 0 nraS ((5iJi(i\ 4 1 0 nm) ©GaN?.# 
mfrls— V LD 4 5l«C7>8ILfc«ffiT-«Wfb^ 
fiTC^?, r ...... 

[0 0 8 1] AlGal nP^^ftU— VLD2ii^ 

^m»V-VLD 3 nm 2 ©HS6ff^-C^t 
«fi!64-tfU GaN^j|f);l'-fLD4{il3©Ii 

[0 0 8 2] C©*1^ AlGaInPSf5(tU-f 
LD2©p(imiS2 8, ZnSe^f|:u-ifLD3 
©pfl®§5 4jbitfGaN^^f*U— "f LD4©p 
fSI*l§6 8(1. M^-y^-XG 0±!C5t»t-m^ 
IC^SI L Zitt^T-igJt itlfet-hy^Hl, H 2 ti 

i^H 3 ±^c•e^^•?*tl{*^7E^f{t^F^^•c ^ i> 

[0 0 8 3] ±Kli© X o tc mf&£ ixtz C ©^ 4 ©HJfcflS 
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